Abstract. In x Ga 1-x As QW-layers embedded in GaAs matrix have been characterized by photoluminescence (PL). The relation between the PL parameters and mismatch of the lattice parameters of the layer and matrix was established. In highly strained layers several PL bands were observed instead one band. This is probably a result of alternating content of In raised only in highly strained layers.
Introduction
T h e m a k i n g o f p e r f e c t s o l i d s o l u t i o n heterostructures based on A III B V materials is the actual task of up-to-date optoelectronics. One of the problems in this field is the difficult obtaining homogeneous composition and the less deviation of thickness. Special difficulties arise from deformation of structures that can be used for fiber-optic communication systems (In x Ga 1-x As/GaAs or In x Ga 1-x As/InP) due to their emission in IR range. Difference in lattice parameters in these materials reaches great value (to 7 %). This can lead to rise of misfit dislocations, forming ordered and/or disordered lateral superstructures [1, 2] . Such effects may cause considerable PL band broadening, PL band superstructure and new PL peaks as well as reduced total quantum efficiency.
One of the reasons that result in appearance of inhomogeneous solid solutions is a spinodal decomposition. It occurs when the enthalpy of binary compounds is positive and the alternating alloy composition is energetically favorable. The effect was observed previously in bulk of liquid and solid solutions and later was expanded on epitaxial films [3] . Typical period of composition-modulation in epitaxial films is of the order of a film thickness, i.e. for a quantum structures it is 10-2000 Å.
.
The other reason of inhomogeneity appearance may be the generation of misfit dislocations [1, 2, 4 6] . Its probability increases with the increase of mechanical strains on substrate-film interface. The character spatiality of such structures is in the dislocations form in film rectangular superlattices with the close to 1µ period. Furthermore, the increase of mechanical strain is accompanied by the increase in the number of three-dimensional formations, density of which and lateral sizes are 10 11 cm -2 and 1000 Å, correspondingly. For description of defects formation processes the critical thickness concept is usually used. Critical thickness is the value characterizing the minimal thickness of the QW layer when the corresponding defects are formed. The critical thickness dependence on In concentration for misfit dislocations and 3D-islands were theoretically calculated and experimentally proved [2] . This paper deals with the investigation of defect formation in GaAs/In x Ga 1-x As/GaAs heterostructures by photoluminescence technique. Obtained results cannot be explained by relieving a stress (at all or partially) due to formation of misfit dislocations. Furthermore, heterostructures with a large difference of lattice parameters of the QW-layer and substrate (over 2%) and that have QW-layer thickness exceeding significantly the critical thickness taken from [2, 6] , till notice, these heterostructures are characterized by several PL bands with different shape and FWHM. We have suggested that SQO, 5(1), 2002 this is a result of macroscopic inhomogeneity of composition due to the high strain of heterostructure.
Experimental results and discussion
The heterostructures GaAs/In x Ga 1-x As/GaAs were grown by MOCVD-technology at the temperature ≈650 K. The PL was excited with the 632.8-nm line of He-Ne-laser. The exciting power was about ≈17 mW/cm 2 . A spectral slit width was 1.04 nm. The diameter of the exciting light beam was about 1mm. The measurement was carried out at the temperature T≈100 K (nitrogen cryostat). The samples parameters and obtained results are presented in the Table 1 .
The calculated (E PL calc ) and experimental (E PL ) spectral positions of the PL band, FWHM (G), and their dispersions (∆Ε, ∆ Γ) are averaged over values measured in all samples of corresponding type. d c of each type of the heterostructures was calculated similary to [6] . The heterostructures of C-and Dtypes have δ(Ge)-layers separated by 300 Å from QW in the substrate. Probably just free carriers come into QW from δ(Ge)-layer causing some highenergy shift in comparison with calculated PL band position. Obtained results allow us to divide D-samples into three groups with smaller ∆Ε, ∆Γ.
The typical PL spectra for the samples of different types are shown in Fig.1 . Table 1 and Fig. 2 . Vertical lines indicate a total dispersion of FWHM and PL band position.
A considerable attention was paid to the D-type PLspectra. In these samples a mismatch of lattice parameters
Type

Nominal
Calculated Experimental and relative deviation of thickness from the critical one are very large (they amount up to 2.5 and 180%, accordingly). As you can see from the Table 1 , these samples were divided into three groups (D 1 , D 2 , D 3 ) with the closely spaced E PL and Γ.
The difference between the energies of PL-bands position for more different D-subgroups (D 1 and D 3 ) reaches magnitude about 125 meV. The inconstancy of thickness for samples prepared from the same heterostructure could suggest to be a value about 10% but not about 10 time as necessary for elucidation E PL difference. This difference cannot be explained in frame of the planar thickness inconstancy.
In order to understand the experimental results, the energy structure of QW under investigation was numerically calculated. The calculation was based on the method of envelope wave function. The strain effects according to the Wang and Stringfellow scheme [7] were taken into account. The temperature dependence of the matter parameters was additionally accounted. The electronic structure of QW was calculated by solving the following transcendental equation for nonsymmetrical rectangular well: (2) where
Here k Z is the Z-component of the quasi-wave vector, m * is the effective mass of free carriers in QW, m s,c is the effective mass in barriers (substrate and cap layer), and V s,c is the potential forming QW at both (substrate-QW For account the effective mass m * (E) dependence on energy in bulk, Kanes dispersion relation was used [8] . The strain-induced changes were taken into account as Pikus and Bir proposed [9] . More information about used equations and calculated results could be got from Ref. [10] .
Furthermore, PL band position for all samples didnt coincide with the theoretically calculated value. For the heterostructures of A-type the calculated energy of the optical transition between the states e1 and hh1 is 1.359 eV, it is by 7 meV larger than it was found experimentally. Taking into account that the binding energy of exciton is approximately 7 meV [11] a good correlation between the calculated and measured data is obtained.
However, for D 1 -type samples PL band was shifted towards higher energies. The observed shifting cannot be also ascribed as a decrease of the strain in epilayer due to the misfit dislocations generation. The latter should cause the "red" shift but not the "blue" one, as it was found in our experiment.
Most probably such PL-spectrum transformation in highly strained D-type heterostructure is a result of inhomogeneous redistribution of In atoms over the plane. Coming from the PL study of D-type samples the stable macroscopic regions are suggested in such strained heterostructures to be formed (with quasi-homogeneous distribution of In inside each region [12] ). In some part of grown heterostructures could appear non-luminescent regions with surplus In concentration and luminescent In depleted region. Misfit dislocations may promote In redistribution due to a higher diffusion coefficient in strained fields. Also a new superstructure could be spontaneously created inside the initial QW during the growth [2] .
This suggestion is not contradict to structural research of the wafer growth in wafer producers. Unfortunately, they didnt cite such results only for D-type but for A and B types. However, A-type is clearly seen to have x deviation about 3.1% and Btype up to 14.3% [13] . Hence, D-type may have great value of x deviation.
Similar weak effect may occur in B and be more pronounced in C type samples and cause difference in experimental E PL for these samples.
Only in the case, when mechanical strain on the film-substrate interface is very small (in A-and Atype samples), the energy of PL transition coincides exactly with the theoretically calculated one, and FWHM approaches to its physical limit.
One of the reasons of the possible macroscopic redistribution of In in the D-type samples may be alternating fields of the strain induced, e.g. by a surfacial superlattice formed by the misfit dislocations. Besides, this does not preclude the presence of the spinodal effect. So, the actual reasons of change of the composition in highly strained layers are still not clear and need further investigations.
Conclusion
Several types of GaAs/In x Ga 1-x As/GaAs heterostructures were characterized by PL technique. The energy of PL transitions, FWHM and intensity were found to correlate with a change of mismatch of the lattice parameters and the thickness deviations from the critical one.
Only in the case, when mechanical strains in the QW layer are very small, the energy PL transition coincides with the theoretically calculated one and FWHM approaches to its physical limit.
In highly strained QW layers several PL bands were observed. Most probably, the reason of such PL spectra transformation is inhomogeneous In redistribution over the heterostructure plane.
